Motivated by stylized facts pointing to a dominant role of imported inputs in transmitting external price shocks to domestic prices, this paper zooms in to study the pass-through of imported input costs to domestic producer prices. Our approach constructs effective input price indices from sector-level price data combined with sectorlevel information on input-output linkages. Applying an error correction model specification to sector-level output and input prices, the long-run pass-through rate of effective imported input costs to domestic producer prices is estimated to be around 70 percent in Korea and almost 100 percent in selected European countries.
Introduction
The so-called "imported inflation" stems from prices of imported goods that influence domestic price levels; they affect the consumer price index (CPI) via imported consumption goods included in the CPI, or the producer price index (PPI) through imported raw and intermediate inputs used for domestic production with possible second-round effects on the CPI.
1
Understanding the effect of import price changes on domestic prices is crucial for various reasons. From a practical point of view, for instance, it is essential for central bankers in forecasting inflation, for which external shocks such as commodity price or exchange rate movements should be taken into account. Moreover, the degree of exchange rate pass-through to domestic prices via imported goods is a key determinant of the optimal exchange rate policy regime (e.g. Obstfeld and Rogoff 2000; Devereux and Engel 2003; Corsetti and Pesenti 2005; Devereux and Engel 2007) .
When it comes to quantitative assessment of import price pass-through to domestic prices, there are strong reasons to believe that the imported inputs would be the dominant channel through which import prices affect domestic price levels. Consumption goods are only a small portion of total imports in most countries. In the case of Korea, the main focus of this paper, consumption goods tend to constitute at most a little over 10 percent of total imports (Figure 1 ). Together with the fact that the CPI basket of goods is composed mainly of domestic goods, 2 this implies that the imported consumption goods channel is limited by nature. Indeed, the sheer size of raw and intermediate inputs in total imports makes the official import price index largely reflect prices of imported inputs, with a correlation coefficient of 0.97 between monthly change of the aggregate import price index and that of the aggregate imported input price index in Korea (Figure 2 ). For this reason alone, it may not be too much to state that any attempt to infer the role of imported consumption goods in this context using the import price index will be futile at best. JaeBin Ahn is the corresponding author. ©2017 Walter de Gruyter GmbH, Berlin/Boston. In contrast to the small share of imported consumption goods in final consumption, imported inputs make up a sizable portion of input use in domestic production. The share of imported inputs in total intermediate inputs varies across industries, but according to the Korean Input-Output (IO) table, it has been stable around 25 percent in terms of both the average across industries and the aggregate (Figure 3 ). To the extent that the effect of a given factor price on producer prices is proportional to its share in total cost, one may roughly infer that a quarter of producer price levels can be explained by imported input prices. Or, to put it differently, a change in imported input prices may feed into a change in producer prices by a scale factor of a quarter. Indeed, monthly change of the aggregate producer price index is strongly correlated with that of the aggregate import price index with a correlation of 0.63, while the import price index appears to be about four times more volatile than the producer price index (Figure 4 and Figure 5 ). Based on these observations, this paper focuses exclusively on the role of imported inputs in affecting domestic producer prices, and estimates the degree of the imported input cost pass-through to producer prices in Korea by applying an error correction model (ECM) specification to sector-level monthly frequency data.
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Apart from the fact that Korea is one of few exceptional countries with a complete set of high-frequency sector-level producer price index and import price index as well as detailed information on imported inputs provided in the national Input-Output (IO) table, Korea offers a particularly relevant setting in the context of the import price pass-through, not least because of its heavy dependence on imported raw and intermediate inputs especially from the rests of the pan-Asian supply chain, which have been experiencing PPI deflation for over 3 years consecutively (e.g. Morgan Stanley Research 2015).
A notable departure of this paper from the literature is to investigate the import price pass-through to domestic prices instead of the much-studied exchange rate pass-through (ERPT) to import prices or CPIs. Given that exchange rates first pass through to import prices, which in turn affect domestic prices, the approach in this paper is an essential step to understanding and gaging the ultimate pass-through of exchange rates to domestic prices, taking observed changes in import prices as given. 4 Moreover, this approach allows for a broader interpretation since import price shocks are not restricted to those resulting from exchange rate movements but also include commodity price shocks.
Another distinct feature of this study is to single out the imported input channel of the pass-through. There is an emerging literature that finds a dominant role of this particular channel in facilitating the exchange rate passthrough to domestic prices or dampening the effects on export prices ( Ahn and Park 2014; Amiti, Itskhoki, and Konings 2014) . Specifically, the current study employs the sector-level import price index combined with the bilateral sector-level Input-Output (IO) table to construct the sector-level imported input price index, thereby directly exploring the relationship between imported input prices and domestic prices at the sector level.
In this regard, this study is most closely related to Auer and Mehrotra (2014) who similarly construct the sector-level imported input price index to study inflation spillovers via trade linkages in Asian countries.
5 Unlike their study, the main goal of the current study is to estimate the degree of imported input cost pass-through to domestic producer prices, effectively separating out the contributions from markup adjustments and the cost share of imported inputs. Along the way, we also provide a separate estimate of the pass-through rate from domestic input cost to producer prices. We note that the error correction model specification employed in the present paper provides a consistent and more efficient estimate than the estimation model with differencestationary data when the variables of interest are considered nonstationary and cointegrated, as in the current context.
The main findings from the error correction model estimation results suggest that, once the share of imported inputs in total costs is correctly accounted for, a 1 percent change in the effective imported input prices leads to, on average, a 0.4 percent change in domestic producer prices in the short run, and to a 0.7 percent change in the long run in Korea, with the speed of the adjustment around 1.5 percent per month. These results are robust to estimation from quarterly frequency data, alternative treatments for domestic input cost and unit labor cost measures, the length of lagged terms, and other variants. A subsequent investigation on the possible heterogeneity in the degree of pass-through across sectors shows that the homogeneity assumption cannot be rejected, in favor of the dynamic fixed effects (DFE) estimator over the pooled mean group (PMG) estimator.
The remainder of the paper is organized as follows. Section 2 introduces an illustrative theoretical model and discusses the empirical strategy. Section 3 describes the data and summarizes empirical findings, and Section 4 concludes the paper.
Econometric framework

Baseline model
This section introduces a baseline model, which is a simple variant of the traditional model in the exchange rate pass-through literature (e.g. Campa and Goldberg 2005; Burstein and Gopinath 2014) . Profit maximizing firms will set the price as a markup over marginal cost:
Considering the use of imported inputs explicitly as in Ahn and Park (2014) , marginal cost is assumed to take a labor augmenting Cobb-Douglas form with domestic and imported intermediate goods, and labor, as inputs:
where DOM it , IMP it , ULC it are domestic intermediate input price, imported intermediate input price, unit labor cost, respectively -all denominated in local currency unit -and ε it captures random optimization error. The share of each input in total costs is accordingly denoted as α i , β i , and γ i . Combining equations (1) and (2), the optimal pricing equation is expressed as:
The sector-level aggregate will be the weighted average of firm-level components, which will depend on the distribution of individual firm-level prices within each industry. For notational convenience, we consider each sector to be populated by identical firms so that the sector-level price is expressed exactly as the firm-level price equation in (3), with the subscript i denoting each sector from this point on.
In general, the property of markups is governed by a specific form of sector-level demand curve, or more precisely, the price elasticity of demand. Allowing the degree of markup adjustment in response to cost shocks to vary across the source of such shocks, markups can be assumed to take the following form:
As a result, equation (3) is rewritten as:
where the sector-specific term, FE i , effectively absorbs any other determinants of the sector-level producer price including the sector-specific component of markup, lnμ i . In practice, it also reflects that sector-level producer prices are expressed in index form and thus cannot be directly compared across sectors. According to equation (4), the degree of imported input cost pass-through is given as (1 + imp ) ⋅ : first, depending on the share of imported inputs in total costs, only a fraction (i.e. β i ) of the imported input cost shocks will be effective. Once this is accounted for, the markup adjustment (i.e. 1 + imp ) will then determine the rest of the cost pass-through. A variable markup is a well-known source of incomplete cost pass-through (i.e. imp < 0), whereas a constant markup is consistent with complete (effective) cost pass-through (i.e. imp = 0).
Our goal in this paper is to identify the extent of such markup adjustments (i.e. 1 + imp ) conditional on changes in effective input costs, by accounting for the share of imported inputs in total costs separately.
Empirical strategy
For the baseline pricing equation above to be taken to the empirical level, there are several things to be discussed.
As for linking the model and data, the sector-level producer price (P it ) corresponds to the sector-level producer price index that is available from the data. On the other hand, the sector-specific imported input price (IMP it ), which can be regarded as a composite of multi-sector imported goods prices, is not readily available from the data, and thus needs to be constructed. Our strategy is to use the Input-Output (IO) table together with sector-level import price data to construct the weighted average of sector-level imported input prices for each output sector, i. Specifically, we take β ij , the share of imported inputs from sector j in total inputs used for sector i's production, from the IO table, and take the weighted average of import prices across input sectors to construct the effective imported input price as:
where ∑ j β ij = β i and I jt is j sector's import price index available from the sector-level import price data. Likewise, the sector-specific effective domestic input price can be constructed from the IO table and the sector-level domestic producer price index as:
where ∑ j α ij = α i with α ij being the share of domestic inputs from sector j in total inputs used for sector i's production that is available from the IO table. Lastly, γ i , the share of labor costs in total inputs used for sector i's production that is available from the IO table, can be combined with sector-level ULC data to measure the effective unit labor cost term:
Turning to the econometric specification, we note that a dynamic version of equation (4) that reflects potential price rigidity will be appropriate in practice. For instance, an ARDL (1,1) version of equation (4) is expressed as:
Further, producer price and input price levels tend to be nonstationary. When they are also cointegrated, a valid econometric tool to estimate will be an error correction model (ECM). With some algebra, equation (5) can be rewritten in ECM form as:
where (1 + 0 ) is the short-run effective cost pass-through parameter and is the long-run pass-through parameter for k = dom, imp, ulc, and ec i denotes the speed of adjustment. We note that the long-run pass-through parameter, , and the speed of adjustment parameter, ec i , correspond to (2 + 0 + 1 )/ − (ec ) and σ i - 1 from the ARDL (1,1) version in equation (5), respectively. In practice, when the estimated coefficient on the speed of adjustment, ec i , is negative, it will suggest the presence of a cointegration relationship between the variables considered, whereas nonnegative estimates will reject it in which case the model should be rather estimated in, for instance, first difference form possibly with lagged dependent variable terms. The specification in equation (6) allows for possible heterogeneity in the degree of effective cost pass-through across sectors. Conceptually, it is plausible that sector-specific market structure may lead to different pricing behaviors especially in the short run, which may stem from differing degrees of competition in output markets, and hence, result in sector-specific price elasticity of demand.
Assuming no heterogeneity in across sectors, one can simply estimate the ECM in equation (6) in a pooled manner with sector-level fixed effects [i.e. a dynamic fixed effects model (DFE)], which will be a consistent and efficient estimator. When there is indeed heterogeneity in across sectors, however, a pooled mean group estimator (PMG) should be preferred since it will provide consistent and efficient estimates of the average passthrough coefficient (Pesaran, Shin, and Smith 1999) . This can be formally tested by implementing the Hausman test to check the validity of the null hypothesis that there is no heterogeneity, in which case the DFE estimator should be preferred.
Data and empirical results
Data
The primary data employed in this study come from the Statistics Database at the Bank of Korea (Economic Statistics System; ECOS) that is publicly accessible on the web (ecos.bok.or.kr). These include the Korean sectorlevel producer price index and sector-level import price index both at the monthly as well as quarterly frequency in local currency unit.
The Input-Output (IO) tables in benchmark years -1995, 2000, 2005 , and 2010 -, which are the basic building blocks for the World Input-Output Database (WIOD), are also provided by the Bank of Korea. Although the WIOD database offers richer information on cross-country sectoral linkages, the national IO tables suffice the analysis in the paper because we do not make use of source country information anyway due to no source country information in sectoral import price index.
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The sector-level quarterly unit labor cost (ULC) data in Korea comes from the Korea Productivity Center (www.kpc.or.kr), of which availability restricts the main sample of the study to 1999 onwards for a total of thirteen 2-digit level manufacturing sectors. 7 The monthly ULC series is generated by applying the cubic spline interpolation method to the quarterly data.
When constructing the effective input prices, the bilateral sector-level imported and domestic input coefficients are taken from each corresponding period's benchmark IO table for the imported input and domestic input use tables, respectively. Along the way, we rescale input coefficients in such a way that the respective share of imported inputs, domestic inputs, and labor costs sum to 1 -i.e. net of taxes, capital depreciation, etc.
Regarding the domestic producer price index, we note that a given sector's producer price index will end up appearing on both the left-hand side (i.e. domestic output price) and right-hand side (i.e. domestic input price) of the equation by construction. In order to reduce a potential concern of simultaneity bias, the baseline specification will employ the effective domestic input price data that is constructed by omitting the own sector's domestic input price:
while checking the robustness to the default case including the own sector's domestic input price.
8 Table 1 reports p-values from unit root tests for all these sorts of sector-level price indices in Korea. We implement two distinct types of unit root tests that allow for heterogeneity in the autoregressive parameters across sectors -Im, Pesaran, and Shin (2003) -type and Fisher-type -with the latter test reporting four different statistics. In essence, none of the tests can reject the null hypothesis that all the sectors contain unit roots for all the price indices except for the case of ULC. Table 2 reports the baseline error correction model estimation results for Korea. Columns (1) and (3) are from the dynamic fixed effects estimator (DFE), while columns (2) and (4) employ the pooled mean group estimator (PMG). According to unit root tests reported in Table 1 , since the effective unit labor cost series is stationary and thus cannot be cointegrated with any other variables, it is excluded in the error correction term in all columns but is included in the short-run equation in columns (3) and (4). That is, θ ulc in equation (6) is assumed to be zero in all columns, while ulc is allowed to be nonzero in columns (3) and (4). (1)- (4) is the sector-level monthly producer price (PPI) infllation. Independent variables include sector-level monthly e昀fective PPI infllation (EDOM), monthly e昀fective import price infllation (EIMP), and the error correction term. Columns (3) and (4) also include sector-level monthly e昀fective unit labor cost infllation (EULC). Columns (1) and (3) report dynamic fixed e昀fects estimation results, whereas columns (2) and (4) report pooled mean group estimation results. Estimates on the error correction coe昀ficient and p-values from the Hausman test are reported at the bottom of the table. Robust standard errors are in parentheses. Significance: *10 percent; **5 percent; ***1 percent.
Estimation results
In column (1), the degree of the short-run cost pass-through of imported inputs into producer price is estimated to be around 23 percent, while that of domestic inputs is estimated to be around 21 percent, which values are not statistically different from each other. The estimated coefficients in the long-run relationship term show that the degree of the long-run cost pass-through of imported and domestic inputs rises to around 63 percent and 79 percent, respectively, of which the 95 percent confidence interval ranges overlap. The estimate of the error correction coefficient suggests that deviations from the long-run equilibrium relationship adjust by 1.7 percent in each month. Considering possible heterogeneity in the degree of the short run cost pass-through across sectors, column (2) runs the PMG estimator, yielding basically similar results. The Hausman test statistic suggests that the null hypothesis of homogeneity in the degree of the short-run cost pass-through across sectors cannot be rejected and thus the DFE estimator should be preferred.
Comparing columns (1) and (2) to columns (3) and (4), adding the unit labor cost in the short-run effect term has only limited effects, raising estimated pass-through coefficients slightly. In column (3), the degree of the short-run imported input cost pass-through is now estimated to be around 37 percent, while that of domestic input is estimated to be around 40 percent, which are still not statistically different from each other.
The degree of the long-run cost pass-through is estimated to be around 67 percent and 86 percent for imported and domestic inputs, respectively. These also lie within each other's 95 percent confidence intervals. The size of the speed of the adjustment coefficient is such that deviations from the long-run equilibrium relationship adjust by 1.4 percent in each month. Again, considering possible heterogeneity in the degree of the short run cost pass-through across sectors, column (4) runs the PMG estimator, yielding basically similar results to column (3). The Hausman test statistic suggests that the null hypothesis of homogeneity in the short-run cost pass-through across sectors cannot be rejected and hence, the DFE estimator should be the consistent and efficient estimator. Table 3 checks the robustness of the baseline estimation results. Columns (1) and (2) employ quarterly frequency data using the DFE and the PMG estimator, respectively. The overall results are similar to those from monthly frequency data. The DFE estimator suggests that the point estimates on the short-run cost passthrough for imported and domestic inputs are pretty similar at around 45∼50 percent. The long-run cost passthrough is estimated to be around 64 percent for imported inputs and 88 percent for domestic inputs, which are statistically not different from each other. The estimated speed of the adjustment is consistent with that from monthly frequency data in that it is about three times bigger than that reported in Table 2 . As earlier with monthly frequency data, the Hausman test cannot reject the null and thus the DFE estimator is preferred. This table checks the robustness of the baseline error correction model estimation results. The dependent variable in columns (1)- (4) is the sector-level producer price (PPI) infllation. Independent variables include sector-level e昀fective PPI infllation (EDOM), e昀fective import price infllation (EIMP), sector-level monthly e昀fective unit labor cost infllation (EULC) and the error correction term. Columns (1) and (2) are at quarterly frequency, while columns (3) and (4) are at monthly frequency with alternative measure on sector-level e昀fective PPI infllation (EDOM) as described in the main text. Columns (1) and (3) report dynamic fixed e昀fects estimation results, whereas columns (2) and (4) report pooled mean group estimation results. Estimates on the error correction coe昀ficient and p-values from the Hausman test are reported at the bottom of the table. Robust standard errors are in parentheses. Significance: *10 percent; **5 percent; ***1 percent.
Columns (3) and (4) in Table 3 check the robustness to alternative measure of the effective domestic input price, which now incorporates a given sector's own producer price in constructing the composite of the domestic input price. Again, the results are overall similar to the baseline estimation results reported in Table 2 . In the short run, imported and domestic input cost shocks are passed through to producer prices by around 40 percent, while around 70∼80 percent of them are passed through in the long run. The Hausman test supports the use of the DFE estimator. Table 4 checks the robustness of the results to including additional lagged terms for both monthly data [columns (1) and (2)] and quarterly data [columns (3) and (4)]. The results show richer information on the short-run dynamics without affecting the overall results obtained above. (1)- (4) is the sector-level producer price (PPI) infllation. Independent variables include sector-level e昀fective PPI infllation (EDOM), e昀fective import price infllation (EIMP), sector-level monthly e昀fective unit labor cost infllation (EULC) and their one-period lagged terms as well as the error correction term. Columns (1) and (2) are at monthly frequency, while columns (3) and (4) are at quarterly frequency. Columns (1) and (3) report dynamic fixed e昀fects estimation results, whereas columns (2) and (4) Lastly, we compare our ECM estimation results to those from a panel fixed effects estimation in difference forms, which has been more frequently used in the ERPT literature (e.g. Campa and Goldberg 2005; Auer and Mehrotra 2014) . Our earlier discussion suggests that the two distinct estimators would yield different results on the degree of the long-run pass-through only if there is a co-integrating relationship between producer prices and input prices. Table 5 summarizes the estimated coefficients from a panel fixed effects regression. 9 Columns (1) and (2) confirm that the short-run pass-through coefficients using monthly data are essentially comparable to those from the ECM [columns (1) and (3) in Table 2 ]. Likewise, the degree of the short-run pass-through from quarterly data reported in column (4) is almost identical to the one from the ECM [column (1) in Table 3 ]. On the other hand, the degree of the long-run pass-through from a panel fixed effects regression, which can be computed as the sum of coefficients on contemporaneous and lagged terms, tends to be somewhat lower than what the ECM suggests. We interpret the results as evidence confirming the co-integrating relationship between producer and input prices in Korea. (1) and (2) are at monthly frequency, while columns (3) and (4) are at quarterly frequency. Columns (1)-(4) include sector-level fixed e昀fects. Robust standard errors are in parentheses. Significance: *10 percent; **5 percent; ***1 percent.
Conclusion
Motivated by the stylized facts that suggest a dominant role of imported inputs in transmitting exchange rate shocks to domestic prices, this paper studies the imported input cost pass-through to domestic producer prices, using sector-level data. Given the nonstationary nature of price series, this study employs the error correction model (ECM) estimation approach and checks for potential heterogeneity in the degree of pass-through across sectors. In the process, we construct effective import price and domestic input price indices by incorporating bilateral sector-level information on input-output linkages. The current methodology greatly helps to pin down a consistent and efficient estimate of the degree of pass-through from imported input prices to domestic producer prices. We find intriguing evidence on systematic cross-country variation in the degree of imported input cost pass-through, which is left to be explained for future studies.
In this Appendix, we apply the same methodology to selected Eurozone countries -France, Germany, and the Netherlands. In principle, the methodology developed in the main text can be applied to any other country with a complete set of available data on the producer price index, import price index, unit labor cost, and the IO table, all at the sector level. We chose these three countries because they are the only countries in the Euro area with those sets of data readily available. As for the data for the selected European countries, the only difference is that all of them come from the publicly available Eurostat database; otherwise, they are processed in exactly the same way as is done for the Korean data.
10 Table 6 reports error correction model estimation results for these three countries in a pooled manner with country-sector-level fixed effects in columns (1) and (3) and the results of using the PMG estimator in columns (2) and (4). Table 7 checks the robustness by including additional lagged terms. (1)- (4) is the country-sector-level monthly producer price (PPI) infllation. Independent variables include country-sector-level monthly e昀fective PPI infllation (EDOM), monthly e昀fective import price infllation (EIMP), and the error correction term. Columns (3) and (4) also include country-sector-level monthly e昀fective unit labor cost infllation (EULC). Columns (1) and (3) report dynamic fixed e昀fects estimation results, whereas columns (2) and (4) report pooled mean group estimation results. Estimates on the error correction coe昀ficient and p-values from the Hausman test are reported at the bottom of the table. Robust standard errors are in parentheses. Significance: *10 percent; **5 percent; ***1 percent. 
